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SUBJECT: 


Powder  Spring  Lake  Dam  (Mo.  30749)  Phase  T  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation 
of  the  Powder  Spring  Lake  Dam: 

It  was  prepared  under  the  National  Program  of  Inspection  of  Mon- 
Federal  Dams. 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the 

St.  Louis  District  as  a  result  of  the  application  of  the  following 

criteria: 

1.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood. 

2.  Overtopping  of  the  dam  and/or  erosion  of  the  spillway  could 
result  in  failure  of  the  dam. 

3.  Dam  failure  significantly  increases  the  hazard  tc  loss  of 
life  downstream. 
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Uamo  of  Dam: 
State  I.ocated: 
County  Located; 

S  t  r  earn : 

Inspection  Date: 


Powder  Spring  Lake  Dam 

M  is sour i 

Washington 

Bust  Branch  of  Mill  Creek 
17  Julv  1979 


The  Powder  Spring  Lake  Dam  v;as  visually  inspected  by  engineering 
personnel  of  the  office  cf  Horner  I.  Shlfrin,  Inc.,  Consulting  Engineers, 
St.  Louis,  Missouri.  The  purpose  of  the  inspection  was  to  assess  the 
general  condition  of  the  dam  with  respect  to  safety  and,  basc-d  upon  this 
inspection  and  available  data,  determine  if  the  dam  poses  a  hazard  to 
human  life  or  property. 

The  following  summarizes  the  findings  of  the  inspection  and  the 
results  of  certain  hydrclogic/hydraulic  investigations  performed  under 
the  direction  of  the  inspection  team.  Based  on  th.e  visual  inspection  an 
the  results  of  these  hydrologic/hydraulic  investigations,  th.e  presen; 
general  condition  of  the  dam  is  considered  to  be  somewhat  less  than 
satisfactory.  The  following  deficiencies  were  noticed  during  the 
inspection  and  are  considered  to  have  an  adverse  effect  on  the  overall 
safetv  and  future  operation  of  the  dam  and  spillway. 

1.  A  dense  cover  of  brush  that  may  conceal  animal  burrows  and 
numerous  small-and  medium-size  trees  are  present  on  the 
downstream  face  of  the  dam.  The  upstream  face  of  the  dam  is 
also  covered  with  small  trees  and  brush  that  includes  at  least 
one  animal  burrow.  Tree  roots  and  animal  burrows  can  provide 


parL3.=iqeway c-  for  .-'eepai'je  that  coulJ  dovelop  intf)  J  cipirs^ 
om.U  t  ioi'i  (pro-'i  rt‘=;sivo  internal  ero'sLon'  and  ajhseqaent  failure 
1.)  f  t  h  e  d  am . 

1.  The  :3pillway  channel  contains  brush  and  numerous  sir.all  trees. 
This  growth  obstructs  channel  flow  and  reduc-o  capacity  that 
could  result  in  soiliway  releases  overflowino  the  channel,  and 
imp  i  ng  i  ng  or.  t  he  dam . 

-1.  The  Left  side  nf  the  spillway  .channel  is  extensively  eroded  and 
a  near  vertical  ban!  exists  at  a  location  adjacent  to  the  dam. 
Erosion  of  the  ban.-;  can  lead  to  an  unstable  slope  and  an  earth 
.elide  that  could  block  the  spillway  channel.  In  addition,  loss 
of  embankment  material  may  impair  the  structural  integrity  of 
the  dam. 

g.  A  pool,  believed  to  be  due  in  part  to  backwater  f ror;  the 

downstream  channel.  Bust  Branch,  abuts  the  downstream  toe  of  the 
dam..  The  presence  of  the  pool  creates  an  unnecessarily  high 
tailwater  which  is  a  condition  con.sicered  to  be  unfavorable  ‘o 
the  structur.3l  stability  of  the  dam..  The  pool  also  prevents 
ccntr<5l  of  dam.  underseepage  if  such  a  condition  exists. 

5.  The  handle  for  the  control  valve  on  the  south,  drawdown  pipe  is 
broken  and  the  outlet  end  of  the  north  drr.wdown  pip-'^  i.s  either 
buried  or  submerged.  These  conditions  impose  con..;  trai  nts  or. 
functioning  of  the  drawdown  facilities  as  planned. 

The  conditions  described  above  are  not  considered  to  bi  of  major 
consequence  to  warrant  immediate  remedial  action. 

According  to  the  criteria  sot  forth  in  the  reconumended  guidelines 
(see  text)  the  minimum  spi.IIway  design  fUaod  for  this  dam,  which  is 
classified  as  .small  in  size  and  of  high  hazard  potential,  is  specified  to 
be  a  minimum  of  1 '2  the  Probable  Maximaim  Flood  (PMF)  .  Considering  the 


tact  that  tvC!  hahitthl'^'  railiia.i'  li-''  witiiia  th'^  .hawaa '  r ’ct  chi.Tat-'  zori", 
it  is  rec ''mrr-'!i.]cd  that  the  '.I'll’wav  'icaji;"  tc;-  thi.-  struct, iro  h“ 

t(U'“  PM?".  PMi’  i  .a  tht  r'lood  that  aiav  I-  v.xp<=>cte<l  from  •  ro  :tcst  C'cv.  ■  re 
conbinativin  of  critical  metoo'Cviloq  ic  and  hy.irnloqic  cond  i  t  uanr;  that  a  r  •• 
reasonably  possibln  n  the  reqi,.'n.  Thi-  PM'-'  is  ord i  aa r  i  ; accepted  as  t'le 
inflow  dosiqn  flood  for  dams  where  failure  of  the  structure  would 
increase  the  danner  to  human  life. 


Re.nults  of  a  hydroloqic/hydraul  ic  analysis  indicate  that  the  existinq 
spillways  (principal  and  emergency'  are  inadequate  to  pass  Lake  outflow 
resulting  f  r  .im  r.  storm  of  PMF  magnitude  or  the  lake  outflow  from  the  1 
percent  chance  (lOO-ycar  frequency)  floi>l  without  tjyertoppi  ng  the  dam. 
'they  are  adequate  however,  to  p.ass  the  lake  outflow  resulting  fror  t);e 
n.i  percent  chance  (10-year  f rv-guency)  flool  cne.  th*-  lake  outflow 
correspond i ng  to  about  12  percent  of  the  PMP  lake  inflow.  Accordinc  to 
the  St.  t.ouis  District,  Corp.s  of  Engineers,  the  lenct'n  ■  f  tne  downstream 
damage  zone,  should  failure  of  the  dam  occur,  is  estimated  to  be  two 
miles.  'Within  the  potential  damac.?  zoni*  are  four  dw^'ilings,  a  county 
road  an.d  a  railroad  bridge  crossing. 

A  review  of  available  data  did  nut  disclose  that  seeoage  ,ind 
staS^ilitv  analyses  of  t'ne  dam  were  porfotmed.  Thi.-,  it  .:ons idrrrc-.l  a 
deficiency  and  should  be  rectified. 


It  is  recommended  that  the  Owner  take  the  necessary  action  in  the 
near  future  to  correct  or  control  the  deficiencies  and  -afi  ty  defects 
reported,  herein. 


Karl  I, .  Kreese 

P.D.  Missouri  E-lhlP2 


Albert  B.  Becker,  Jr.  // 

P.E.  Missouri  E-916a 
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POKDER  SP?’:::G  i.ake  dam  -  id  no.  307  , 

SFCTIOrJ  1  -  PROJECT  INEOItMATIOtJ 

L.l  Crt7ER7\L 

a.  AuT:hor  ity .  National  Dair.  Tnapection  Act,  Public  Law  92-367,  dated 

S  August  1972,  authorized  the  Secretary  of  the  Arr.y,  through  the  Corps  of 
Enqine'-rs,  to  initiate  a  program  of  safety  inspection  of  dams  throughout 

the  United  States,  Pursuant  to  the  above,  the  St.  Louis  District,  Corps 

of  Engineers,  directed  that  a  safety  inspection  of  tne  ?oi;der  Spring  Lake 
Dan  be  made . 

b.  Purpose  of  Inspection.  The  purpose  of  thin  visual  •.nspection  war 
to  (take  a."  assers-tient  of  c'ne  general  cor.ditior.  of  th’e  da.T  w;th  respect  to 
safety  and,  based  upo".  available  data  and  this  inspection,  detc-rtine  if 
the  dan  poses  a  hazard  to  humrn  life  or  property. 

c.  Evaluation  '^riteria.  Tnis  evaluation  wa.s  per t'orrr.ec.  in  accordance 

with  the  "Phase  I"  investigation  procedures  as  prescribed  in  "Rocornrn'=>nded 
Su’deli.nes  for  Safety  Inspection  of  Dams,"  Appcndi.x  D  to  "Report  of  the 

Chiiof  of  En.ainoers  on  the  National  Program  of  Inspection  of  Non-Pederal 

Dams,  "  da  tec'  May  isgg. 

1.2  DFSCRrpTION  OF  PROJECT 

a.  Description  of  Par,  and  Appurtenancer .  The  Powder  Spring  Lake  Dam. 
is  an  earth:  ill  type  errbankment  rising  approximately  28  feet  above  the 
original  streambed.  The  embankment  has  an  upstream  slope  (above  the 
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is  approximately  418  feet.  A  plat,  ari'l  profile  of  the  dam  is  :'hov;n  on 
Plate  3  and  a  cross-section  of  the  dam  is  shown  on  Plate  4.  At  normal 
pool  elevation  the  reservoir  impoundel  by  the  dam  occupies  approximately 
13  acres. 

The  lake  level  is  governed  by  overflo.-  of  a  broad-crested  weir  type 
spillway  that  is  cut  through  the  hillside  at  the  right  (south)  abutment. 
The  spillway  discharge  channel,  a  trapezoidial  section  of  variable  width, 
follows  a  course  along  the  right  abutment  and  joins  the  downstream 
channel.  Bust  Branch,  at  a  point  about  200  feet  below  the  dam.  A  sr.allow 
pool  that  appears  to  have  lieen  created  by  stream,  flow  backwater,  abuts 
the  toe  of  the  dam  near  the  center  of  the  embankment  and  extends 
downstream  to  about  the  point  where  the  spillway  channel  joins  Bust 
Branch.  The  pool  ,ls  approximately  one-ha2.f  acre  in  surface  area.  A 
profile  of  the  spillway  channel  invert  is  shown  on  Plate  4. 

An  emergency  spillway,  a  shallow  dish-shaped  section,  crosses  the  dam 
crest  at  the  left  (north)  ab-.'tment.  The  outlet  channel  fcr  the-  emergency 
spillway  is  not  di sting uishahle ,  but  apparently  follows  the  junction  of 
the  embankment  and  the  abutment. 

Two  6-inch  diameter  pipes  with  control  valves  near  their  downstream 
ends  are  provided  to  dewater  the  lake.  The  drawdown  pipes  are  located 
near  the  left  center  of  the  dsm  with  their  outlet  ends  at  the  pool  below 
the  dam. 

h.  Location.  The  dam  and  lake  are  located  on  Bust  Branch,  a 
tributary  of  Mill  Creek,  approximately  1.5  miles  southe.ast  of  the  town  of 
Belle-Fontaine  and  1.5  miles  west  of  the  town  of  Tiff,  Missouri,  as  siiown 
on  the  Regional  Vicinity  Map,  Plate  1.  The  dam  is  located  in  Fnction  15, 
Township  38  North,  Range  3  East,  within  Washington  County. 

c.  Size  Class! f ica t ion .  The  .size  classification,  based  on  the 
height  of  t)ie  dam  and  storage  capacity,  is  categorized  as  small.  (Per 
Table  1,  Recommended  Guidelines  for  Safety  Inspection  of  Dam.) 
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d.  4a  ;a  rd  Cl  ass  i  f  icit  {■•'n.  Ac-;or>!  i  :'.a  to  t!io  I’t.  Dia'-.rict:, 

Corpr  of  Enqinoers,  t-’.i-  Pow’.ar  -iprina  Lak'"'  Dani  ha;'  .  '".iqh  hazard 
pot'^ritial,  mean .  nq  that  the  'jam  i  'ocatod  wliere  failire  may  cause  lo;;;'. 
of  life,  serious  damaqe  to  home's,  in-portant  cuhlic:  utilitie.s,  main 

h  iV’iw.ivs  ,  railroads,  or  oxton;,iv('  d^niiaqe  to  aqr:  ica  I  tur  a  1  ,  Industrial  or 
co:t'ri'''rr;ial  facilities.  The  es.timatod  floor!  damage  zo-ie,  should  failure 
of  the  dam  occur,  as  determined  by  the  St.  Louie  District,  extend.? 
approximately  two  miles  do'.^'nstream  of  tlie  d.nm.  Within  the  possible 
d.amaqe  zone  are  font  dwell  inqs,  a  county  road,  and  a  railroad  bridqn 
cross i nq . 

e.  Ownership.  The  dam  in  owned  by  Bern  is  M.  Bone.  Mr.  Bono's 
address  is  Route  1,  Box  497A,  Cadet,  .'lis.souri  63nl0.  -Mr.  Rone's 
residence  is  adjacent  to  the  lake. 

f.  Purpose  of  Dam.  The  da.m  impound.?  water  primririly  for 
’-•'’Creational  purposes. 

q.  Design  and  Construction  History.  Th<?  da.T  wa.s  constructed  for  the 
Owner  in  19P4,  by  .Mr .  Kell'/  Smith,  a  local  excu'/atinq  and  gra.iinq 
contractor,  who  no  lonner  is  in.  b’.isiness.  Efforts  to  contact  Mr.  3n'if‘ 
were  unsuccessful.  According  to  Mr.  Bone,  the  laying  out  of  the  d.nm  war- 
done  hy  Mr.  Mel  Means,  a  local  contractor  experienced  in  earth  dan 
construction.  Mr.  Means,  who  no  longer  is  in  the  contracting  bu  s  i  n  e s  , 
was  contacted  and  stated  that  the  layout  of  the  dam  and  spillway  was 
vvir'nout  the  aid  o*'  anv  formal  engineering  or  design  d.nta. 

ii.  Norm.al  Operat  ion  1 1  Proce-bire .  Th.’  lake  level  is  req'ul.at-.d  hy 
overfiov;  of  an  earthen,  brcxid-cresred  weir  typ’  s’pillway. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  The  area  tributary  to  the  lake  i.s  extensively 
surface  mined  for  barite.  From  the  appearance  of  the  terrain,  it  is 
evident  that  mining  operations  have  been  underway  for  many  years.  In  all 
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there  are  tour  ponds  formed  hy  dams  made  from  mine  hy-products  witnin  the 
drainage  area  upstream  from  Powder  Spring  Lake.  As  identified  by  the 
Corps  of  f^ngineers,  these  dams  are  Mo.  30707  ,  Mo.  30704,  Mo.  30750  and 
Mo.  30752.  The  pond  impounded  by  Mo.  30707  covers  an  area  of 
approximately  26  acres  at  normal  operating  level  and  is  located 
approx imatelv  one  mile  upstream  of  the  Pov/er  Spring  Lake  Dam.  A  second 
tailings  pond  dam.  Mo.  30704,  which  impounds  an  area  of  about  10  acres  at 
normal  level,  is  located  immediately  to  the  southwest  of  Mo.  30707  and 
just  east  of  State  Highway  E.  Dam  Mo.  30750  is  located  on  Bust  Branch 
approximately  1.5  miles  upstream  of  the  Powder  Spring  Dam  and  just  west 
of  State  Highway  E.  The  pond  impounded  by  this  dam  occupies  an  area  of 
about  38  acres  at  normal  level.  Mo.  30752  is  located  about  0.5  miile 
upstream  of  Mo.  30750.  No  surface  area  data  for  this  impoundment  were 
available.  The  area  not  affected  by  mining  is  for  the  most  part  in  a 
natural  state,  cov'ered  with  timber  and/or  native  grasses.  The  watershed 
above  the  Powder  Spring  Lake  Dam  amounts  to  approximately  2,7^9  acre:. 

The  watershed  area  including  the  sub-watersheds  for  the  upstream  tailings 
pond  dams,  is  outlined  on  the  Watershed  Map,  Plate  2. 

b.  Discharge  at  Damsite. 

(1)  Estimated  known  maximum  flood  at  damsite  ...  410  cfs* 

(2;  Spillway  capacity  (principal)  ...  1,490  cfs  (K.S.  Elev. 

730 .7) 

(31  Spillway  capacity  (principal  plus  emergency)  ...  1,920  cfs 
(W.S.  llev.  731.3) 

c.  Elevation  'ft.  above  MSL^ .  The  crest  of  the  principol  spillway 
was  assumed  to  be  elevation  7.''7.o  (feet  above  MSL)  ;  the  basis  for  this 
assumption  being  the  topographic  data  shown  on  the  1937  Tiff,  Missouri, 
Quadrangle  Map,  7.5  minute  series. 

(1)  Top  of  dam  ...  731.3  (min.) 

(2)  Normal  pool  (crest  principal  spillway)  ...  727.0 

(3)  Streambed  at  centerline  of  dam  ...  706+ 

♦Value  computed  for  water  surface  at  elevation  728.5  and  based  upon  an 
estimate  of  maximum  depth  of  flow  at  the  principal  spillway  as  provided 
by  the  Owner. 
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(4)  llaximum  tailwater  ...  Unknown 

(5)  Tailwater  at  time  of  inspection  ...  705.7 

d .  Rese  rvoi r . 

(1)  Length  at  normal  ptX)l  (Elev.  727.0)  ...  2,000  ft. 

(2)  Length  at  maximum  pool  (Kiev.  731.3)  ...  2,30a 

e.  Storage . 

(1)  Normal  pool  ...  107  ac.ft. 

(2)  Top  of  dam  (incremental)  ...  67  ac.ft. 

f .  Reservoir  Surface. 

(1)  Normal  pool  ...  13  acres 

(2)  Top  of  dam  (incremental)  ...  5  acres 

g .  Dam. 

(1)  T>pe  ...  Earthfill,  homogeneous* 

(2)  Length  ...  418  f.. 

(3)  Height  ...  28  ft. 

(4)  Top  width  ...  12  ft. 

(5)  Side  slopes 

a.  Upstream  ...  Iv  on  2.1h  (above  waterline) 

b.  Downstream  ...  Irregular,  Iv  on  2.8h  (upper),  Iv  on 
3.5h  (lower) 

(6)  Cutoff  ...  Core  trench* 

(7)  Slope  protection  ...  Grass,  upstream  and  downstream 

h.  Principal  Spillway. 

(1)  Type  ...  Excavated  earth,  broad-crested  traperoidal  section 

(2)  Location  ...  Right  abutment 

(3)  Crest  ..  Elevation  727.0 

(4)  Approach  channel  ...  Lake 

(5)  Discharge  Channel  ...  Earth  and  rock  cut,  trapezoidal 
sect  ion 


♦Per  Owne r 


Emergency  SDillwa_yi 

(1)  Type  ...  Earth,  broad-crested,  dish-shaped  section 

(2)  Location  ...  Left  abetment 

(3)  Crest  ...  Elevation  730.7 

(4)  Approach  channel  ...  Lake 

(5)  Discharge  channel  ...  Earth,  V-section 

Out^l^t  _fQr  Lake  Drawdown. 

(1)  Number/size  ...  Two  6-inch  steel  pipes 

(2)  Control  ...  Valves,  at  outlet  end  of  pipes 

(3)  Invert  elevation  at  outlet: 


a.  Right  side  pipe  ...  Elevation  705.9 

b.  Left  side  pipe  ...  Outlet  not  located 


SFCrrO'C  2  -  ENGINEERING  DATA 


DEGTGM 

No  onq  ine'T  inq  Gata  relating  to  the  Gos^qn  of  the  dam  are  kriOv;n  to 
exint.  According  to  ti'.e  Owner,  the  dam  wan  laid  out  by  a  N'r.  Mel  Means, 
a  locar  contractor  experienced  in  the  planning  and  construction  of 
earthen  dams.  Mr.  Means  was  contacted  and  he  reported  that  the  basis  of 
his  la^.’out  (design)  for  this  dam  was  empirical,  based  on  experience  and 
judgment.  Mr.  Means  mentioned  that  the  spillway  proportions  were  based 
on  a  known  higr;  water  mark  at  the  dam  location. 


2.2  CONSTRUCTION 


According  to  the  Owner,  the  builder  of  the  dam  was  a  Mr.  Reiley 
Smith,  a  local  excavating  contractor.  Efforts  to  contact  Mr.  Smith  were 
unsuccessful.  According  to  the  Owner,  the  dam  was  constructed:  with  a 
core  trench,  seepage  cutoff  that  extended  about  4-to-5  feet  belc.'  th^ 
original  ground  surface  to  rock.  The  O'wner  also  reported  that  the  trenci'. 
and  em.bankment  were  constructed  of  material,  red  clay,  obtained  from  t'ne 
area  to  be  occupied  by  the  lake  and  that  compaction  was  achieved  hv 
running  the  earth  hauling  equipment  over  the  previously  placed  fill 
layer.  According  to  the  Owaier,  the  dam  is  16S  feet  wide  at  the  bas>',  12 
feet  wide  at  the  crest,  the  upstream  face  has  a  slope  of  Iv  on  3h,  and 
the  downstream  f.ace  has  a  slope  of  Iv  on  2h,  although  some  additional 
fill  was  added  to  t.he  lower  part  of  the  darn!  to  widen  the  ba.se  of  th.^ 
structure  and  as  .c  result,  the  slope  of  the  lower  part  of  t'ne  dam  i;; 
flatter  than  Iv  on  2h.  A  cross-section  of  the  embankment  taken  near  the 
high  point  of  the  dam  and  based  on  .survey  data  indicated  the  exposed 
upstream  face  to  have  a  slope  of  Iv  on  2.1h,  the  crest  width  to  be  1.2 
feet,  and  the  downstream  f.ace  to  have  a  slope  of  '  on  2.8h  for  the  upper 
12  feet  and  Iv  on  3.5h  for  the  remaining  downslope. 
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2.3  OPERATION 


The  lake  level  is  governed  by  overflow  of  an  excavated  earth 
spillway.  According  to  the  Owner  who  resides  adjacent  to  the  lake,  the 
dam  has  not  been  overtopped  and  the  estimated  maximum  knov;n  loading  on 
the  cam  was  caused  by  a  storm  that  produced  a  depth  of  flow  at  the 
spillway  crest  of  about  18  inches. 

Barite  mining  operations  are  being  carried  out  by  NL  Industries  in 
the  area  upstream  of  the  dam.  A  .mine  tailings  pond  is  located  in  a 
valley  approximately  1  mile  upstream  of  the  dam.  Several  other  tailings 
ponds  are  also  located  upstrea.m  of  the  lake.  The  respective  locations  of 
these  tailings  ponds  are  shown  on  Plate  2.  Siltation,  apparently  due  to 
fines  carried  by  flow  from  the  tailings  ponds,  is  evident  at  the  upstream 
end  of  the  lake.  The  Owner,  Mr.  Bone,  when  interviewed  during  the 
inspection,  expressed  concern  for  the  adequacy  of  the  upstream  tailings 
pond  dam  spillways.  Mr.  Bone  reported  that  this  last  spring  ^1979), 
after  experiencing  rainfalls  of  about  5  and  6  inches  on  con.secutive  days, 
a  representative  of  the  mining  company  advised  him  and  his  fami’y  to 
leave  their  home  and  seek  higher  ground  since  it  appeared  that  one  of  the 
upstream  mine  tailings  dams  was  about  to  be  overtopped.  The  da.m,  however 
was  not  overtopped,  and  they  returned  to  their  home  shortly  thereafter. 


2.4  EVAXUATTON 

a.  Aval  lability .  Engineering  data  for  asse.ssing  the  design  of  t'ne 
earthfill  dam.  and  spillway  were  unavailable. 

b.  Adequacy ,  No  data  available.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety 
In.spection  of  Dams"  were  not  available,  which  is  considered  a 
deficiency.  These  seepage  and  stability  analyses  should  be  performed  for 
appropriate  loading  conditions  (including  earthquake  loads)  and  made  a 
matter  of  record. 
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VI3UAI-  INSPHCTIOW 


3.:  FINDINGS 


a.  Gene ral .  A  visual  inspection  of  the  Powder  Spring  Lake  Dam  was 
made  by  Horner  &  Shifrin  engineering  personnel,  K.  L.  Freese,  Civil 
Engineer  and  Hydrologist,  and  A.  B.  Becker,  dr..  Civil  and  Soils 
Engineer,  on  17  July  1979.  An  exairi nat ion  of  the  dam  site  was  also  n.ade 
by  an  engineering  geologist,  Jerry  D.  Higgins,  a  consultant  retained  by 
Horner  &  Sbifrin  for  the  purpose  of  assessing  the  area  geology.  Also 
examined  at  the  time  of  the  inspection,  was  the  area  below  the  dam  within 
the  potential  flood  damage  zone.  Photographs  of  the  dam  taken  at  the 
time  of  the  inspection  are  included  on  Pages  A-1  through  A--"!  of  Appendix 
A.  The  locations  of  the  photographs  taken  during  the  inspection  are 
snown  on  Plate  3. 

c.  Geology .  The  dam  and  lake  ace  locat;‘d  on  the  northern  flank  of 
the  Ocark  Uplift  and  are  underlain  by  the  Potosi  formation.  The  Potcci 
is  a  massive,  thickly-bedded,  medium-to  fine-grained  dolomite  with 
abundant  quartz  druse  and  chert.  The  unconsolidated  materials  are 
typical  Potosi  residuum,  a  red,  blocky  clay  with  much  chert  and  quartz 
druse . 

Tne  tight  hank  of  the  reservoir  has  a  relatively  gentle  slope  and 
appears  to  be  underlain  by  residuum  of  cons iderabl-i  thickness  whereas  the 
left  bank  is  steeper  and  is  characterized  by  thin  residuum  and  bedrock 
outcrops.  The  b.anks  on  both  sides  of  the  lake  are  stable  and  no  evidence 
of  slumping  or  excessive  erosion  was  observed. 

Bedrock  is  exposed  on  both  abutments  at  the  dam  site.  The  outcrops 
are  highly  jointed  and  have  been  subject  to  considerable  solution 
weathering  and  solution  enlargement  of  the  fractures.  Some  standing 
water  was  observed  at  the  toe  of  the  dam.  No  water  was  noticed  flowing 
from  either  abutment  or  valley  side  downstream  of  the  dam. 
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c'owdt'r  .'pt  inq  i3  v.nrtial.ly  sprin-i  fr,-1  iP.  ^  t.-ir'’  -  -xi-'t  in 

the  imined '.  a  tp"  vicmity.  Two  nf  these  sprinis  are  nc/v  si;hr*’r-.od  by  tte 
reservoir,  hut  the  third,  'ocated  turt'rier  upstream,  ccjiitinuen  fiow. 

The  prosenc-e  ot  the  sprrnis  and  the  un.'.suany  utraiqht  cc.:t:o  of  Burt 
Branth  tiircuqh  this  atp-a  suggests  that  the  stream  on,  h.,  fault 
cantroll.ed.  Hov/ever,  since  there  is  no  evid-'nco  of  d .  sp  iacc  Te  ni  ,  .'ir.ce 
the  area  is  not  considered  tectonically  active,  and  since  there 
apparently  are  no  fault-- re  la  ted  geotechnical  problems  related  to  dan:  n;- 
reserv.oir  performance,  the  possible  existence  or  non-existence  of  i  fault 
is  not  coiisider-}d  significant.  Geologic  conditions  at  the  site  do  net 
appear  to  influence  ttie  performance  of  the  dam  or  reservoir. 

c.  bait ■  The  visible  portions  of  the  upstream  and  downstream  faces 
of  the  dam  (see  Photos  L  and  2)  appeared  to  be  in  sc'und  ccr.ditian 
although  some  minor  erosion  of  the  unprot30tp>d  upstream  slope  at  thi 
waterline  was  noticed  and  an  animal  burrow  was  observed  in  the  upstream 
face  of  the  dam  near  the  left  abutment.  Both  t'ne  upstream,  aiid  downstreom. 
faces  of  the  dam  wore  covered  with  brush  and  numerouc,  smal  1 -to-,me.:  i urn 
size  trees.  No  surface  cracks  were  noticed  :n  the  crest  or  faces  of  the 
dam,  nor  was  there  any  indication  of  seepage  at  tlv-  abutinents  or 
downstream  face  of  the  dam.  .Since  a  pool  of  water  (see  Photo  6'  of  about 
one-half  acre  abuts  tha  downstream  toe  of  slope,  it  could,  not  ;oe 
determined  it  an  underseepage  condition  exists. 

Of  the  two  6-inch  steel  drawdown  pipes  that  extend  through  the  .ia," 
and  emerge  near  the  downstream  too,  only  the  pipe  outlet  ,'n  th^  right- 
(.south)  side  could  be  seen.  The  pipe  •.-'utlat  on  th.e  left  t-^orth)  si  te  wa.- 
not  exp.osed  to  view  and  i.s  either  btiried  -or  submerged  in  the  poll  that 
adjoins  the  dam.  Both  control  valves  were  •.-.•ell  protected  f’-om  the 
weather  by  metal  covers  and  bales  of  straw.  The  valve  handle  on  the 
right  side  pipe  was  broken  (see  Photo  7)  and  ttie  valve  on  th*^  'eft  .side 
pipe  was  housed  in  a  steel  enclosure  (.see  Photo  8)  and  submerged.  It  vai.= 
not  determined  if  either  valve  w.as  functional. 

Principal  Spillway.  The  general  condition  of  the  oxcavated  earth 
principal  spillway  was  found  to  be  sat  isfactorv .  There  w.as,  however,  a 
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Tiinor  .u'ciKTi.i !  i  t  ion  of  diiftisooi^  nr  i  '•ntt.iils  ('.e-:-  Photo  _n  on  tho 
oopronoh  sic!«?  of  the  r.piliwoY  cront.  The  sr>ili.w.'iv  outlet  ohimne’  in  in 
north  and  rook  cut  rot  approximately  ’OO  feet  heforn  the  invert 
encountern  a  seri-'s  of  rock  falls.  -S-aall  trees  and  brush  (see  Photo  41 
.are  prevalent  tiirounhout  thin  t^ortion  of  the  channel.  The  outlet  channel 
continucn  until  it  reachen  the  nriaina'.  stream.  Bunt  Branch,  at  a  point 
atxout  200  feet  below  the  dam.  At  a  location  opposite  the  centerline  of 
the  dam,  the  left  i'ank  of  the  outlet  channel  is  extensively  eroded  (sco 
Pf.otc  f;  anl  a  vertical  slope  of  aoout  IC  feet  exints.  Prom  tne 
condition  or"  th'-'  exposed  earthen  bank  at  this  location,  it  appeared  that 
the  upper  2  feet  or  so,  was  fill  q round. 

e.  Emergency  ■lpifiv„ay.  mj.o  crest  of  the  emeraency  spillway  co".nint  = 
couch]  y  of  a  dish-shareu  section  formed  by  tiie  junction  of  the  riam  ar.  ■; 
the  left  auutmen.t.  ’’i.o  lake  approach  to  the  spillway  was  grown  over  wit';, 
cattaila  and  brush,  Tl.e  outlet  channel,  clthouq’i  not  d ;  st  Ingu  i  .shable  , 
presumably  follows  the  junction,  of  the  embankment  with  the  left  abutme:'.- 
and  was  covered  with  'crush  an.'l  num^r  au;-  small  tr>es. 

f.  Bowns  t  ream  Ch  a  nne  1  .  Th'>  channel.  Bust  Btcanch. ,  downstream  of  th'- 
dam  is  unimproved  and  extends  for  .approx im.at’^ly  2  miles  before  joining 
Vill  Creek.  A  bridge  belonaing  t-o  th.e  M’ssouri  Pacific  Pailroad  ctos.s’s 
Bust  Branch  just  upstream  of  the  confluence  wit's.  Mill  Creek. 

g.  Hese  rvol  r .  The  area  ad^cinin.)  the  right  side  of  th*^  lake  was 
well  maint.ained  with  several  horm's  and  other  buillings  a;on>g  th.r 
shor'^lino  near  the  lake.  Tiie  .are.a  .along  the  left  side  of  the  lak--'  ;  • 
mostly  hillside  and  n  .a  natural  -ntate  covered,  witii  timber.  Silt  that 
appeared  to  be  .mining  w.aste,  wa.-:  noticed  in  the  l.ake  .it  the  very  upstream 
end.  The  amount  of  -ining  wa.sto  .sedi-eot  within  the  l.ike  coulil  not  be 
rletermined  at  the  t  imo  o('  th^  i -■,,rp>ert  i^n ,  but  it  did  not  .ippear  to  be 
siqni f  'cant. 


1 


3.2  EVALUATION 

The  deficiencies  observed  durimj  the  inspection  are  not  considered 
significant  to  warrant  iioned iate  remedial  action. 

It  is  probable  that  the  coiol  that  exists  below  the  Jam  is  backwater 
from  flooding  of  the  downstream  channel.  However,  the  l-kehood  of  a  dam 
underseepage  condition  with  water  from  the  lake  supplying  the  pool  cannot 
be  discounted. 
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SF  'T1 ON 


4.1  ?  ROC  r:ruKi:i 

The  ''oi’iways  are  unc(->ntr al  .  Thi-  ;  a  ::  i',-.;. r nc- ’ 

b"  preoipitat  '.a-  riii'.off,  evap'-ir-i  4  icn ,  'nr-paqo,  ca'aic ;  a  of  the 

ur.con trolled  ap 1 1  wavs .  The  lake  leyel  ia  also  .‘fected  h”  epiMway 
releases  or  the  several  unstrear,;  taslin-p;  ponds. 

4.?  MAH.'TENAMTE  OF  D-^M 

Based  on  the  s.’.bs tan tial  cater  cr  brush  and  trees  or.  t.he  jpst.'ea-'  an 
■jc'v.'nstreao  f  .-'er,  of  the  dax  as  w  ll  a.s  the  eyti',nniv->  c;rov.-t'r  of  br'.:s'n  f-.d 
sx.all  trees  in  the  spillway  channel,  it  i.s  app.arer.t  tiiat  tS'.ese  area,’ 
co.ild  receive  additicnal  attention.  The  Ov/ner  a '  1  repo'-t  t'.'it  s  a-'-  tr- 
were  cleare.i  fro:^  ti>e  dax.  area  la-  t  winter  'I'-zTc'.  . 

4  .  i  .VAJ .N’TFl.'.-MTlr.'  OF  OUTLFT  OPFR.ITTNG  FA:' TI, I  i'l  FS 

With  the  I -ant  ion  of  the  two  .ake  dr  awdowr.  pip-'  ■,  irtl-'t 
'ip-.' r  a  t  i  r.  t  c  i  1  i  t  ie-t  exist  at  t.nis  .iaxi.  A:-  indicated  in.  .''.■'tion 
rartaraoh  3.1  c,  th-"'  optratinc  handle  on  the  .v.’ ’  v  ■  ;or  th.e  I'ic'-''. 

,1  r awdo--;n  pipe  is  broken  and  the  outlet  •=“nd  of  the  ..‘'ft  side  n-wd. ''wr.  o.p 
.ecu  Id  .not  oe  located. 


4.4  rE.nCr.r.nTMN'  OF  A';'.'  WAFMFG  FysynMy  t.-p-ync- 

Th-'  inspection  did  not  r.»v-:--!l  the  exi  stone*'  -af  a  dan  f'-.  are  w.iip. 
svs  tern . 


4.5  EV.A[.UATIO\' 


Lack  of  or  inadequat*?  naintenance  is  considered  detr  imer, t.-al  to  the 
safetv  of  a  dax.  It  is  rocoxxended  that  maintenance  af  the  da:n, 
includinq  the  nrincipal  anri  emergency  spillways  indue  i.nq  thi.'ir  outlet 
chann-cls,  be  undertaken  on  ..i  regul.ar  r'a.sis. 


The  broken  valve  handle  for 


the  drawdown  pi:e  on  the  right  aide  should  be  repa  red  and  both  valves 
inspected  and  their  performance  checked.  It  is  also  rtccirirRonded  that  the 
outlet  for  the  drawdown  pipe  on  tne  left  side  be  uncovered. 
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j.l  EVALUATION  OF  FEATURES 

a.  Design  Data.  Design  Uati  are  lifi’-.  availahle. 

b.  Experience  Data.  The  drainage  area  and  laKe  surface  area  were 
developed  Cron  the  USGS  Tiff,  Missoari  Quadrangle  Map.  The  proportions 
and  dimensions  of  the  spillways  and  dam  were  ieveioped  from  rurveys  made 
during  t;ie  inspection. 

No  records  of  rainfall,  stream  f'ow,  or  flood  data  for  the 
watershed  were  available.  Phase  I  dam  r.afety  inspection  reports  for  the 
upstream  tailings  pond  dams  (30707,  30704  and  iC’nO)  were  provided  by  th 
St.  Louis  District,  Corps  of  Engineers.  As  indicated  herein,  certain 
hydrologic  data  contained  in  these  reports  was  utilized  in  the 
investigations  of  overtopping  of  the  powder  .Spring  La  Pam. 

c .  Visual  Observations . 

(1)  The  principal  spillway  consists  o"  a;-  approx i’^ate ly 
trapezoidal  section  cut  into  the  hillside-  at  the  right  'south'  abutment. 
An  earthen  berm  that  adjoins  the  dam  directs  flow  to  tne  spiliwav  crest 
whicn  is  located  approximately  100  feet  upstream  of  the  dar. 


(2)  The  outlet  channel  of  the  pr  incipal  spillway  censist.-'  of  a 
trapezoidal  section  with  a  minimum  bottom  width  of  approximately  if 
feet.  The  sides  of  the  channel  are  irregular  and  eroded  with  a  near 
vertical  bank  existing  at  the  .section  adjacent  to  the  dam.  Janqed  rock 
outcroppings  of  the  Potosi  formaticn  are  exi'Osed  in  the  invert  of  the 


channel.  The  spillway  channel  drops  abruptly  over  a  series 


rock 


at  a  point  approximately  2')  feet  downstream  of  the  center  of  the  darr. 


The  spillway  channel  joins  the  downstream  channel,  Bust  Branch,  at  a 


point  about  200  feet  below  the  dam. 
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(^)  Tho  ■?"  'I'Hoarv  ■vDi’lway  cop.-i  'ts  of  .1  'ii!]!!..’  i  1  - h- ■; (1  ■  n-‘'' 

depie;'r>ion  loca -ed  i*.  th.-  iunorion  ■>  '  tr.o  nr^i  ’'-It  .'n-Tt;:;. 

-1  o'j r, iTip n t .  rho  di  tic'n.'i :  :if;  cha'intr rot  tho  omv  r.,j>:n.cy  '.pi'lway  :  to 

fol’ow  the  junction  of  ch’  pinhcnkment  and  tf'.p  hillnidp  tn/in)  ics  outlot 
at  the  backwater  pi>a’.  th.rc  lies  junt  'down;'- tr earn  of  the  dar.. 

(4'  Drawdo..'n  facilities  consistitui  of  two  f-inch  iiameter  rtt-e’- 
pipen  pass  through  the  left  sirie  of  the  embankment.  One  of  the  oip',':;  .s 
equipped  with  a  va'.ve  ho'-.aed  in  .a  buried  fj  callon  '.iruir.  v;h  i  b?  the  otiier 
val  re  is  protected  from  ti.e  elements  by  several  ’avers  o^  stravr. 

■  ■f’vertopping  Potential.  Elevation  '’.11.1  was  detert  ip.'Cd  to  re  th'? 
low  point  in  the  dam  crest.  The  spillways  'principal  and  emor.jency)  are 
ir.ad'Cquate  to  pass  i:;?c  probable  rtc.ximun  flcx)d,  1  ’2  the  pro;  n'ole  martimup 
flood  or  the  1  percen,,  chance  ilOO-year  frequencyl  flood,  without  ovor- 
tcrpinq  the  dam.  '■'hey  are  adequate,  however,  tc  pars  the  C.  1  percent 
c'.ar.ce  ;i3-year  frequa.ncy)  floori  without  overtopping  th-,-'  d.tc.  Results  c-.f 
the  overtopping  analysi.r  are  s'urmarir’ed  as  follows: 


on  of  PMF 

Q-Pesk 

Out:  1  O''  'Ctrl 

Max.  Lake 

V.'.S.  Elev. 

M-iX.  Leptn  f"t.' 

of  Fl'j'w  Ov't  bam 

(Elev.  "2].}': 

Duration  of 

Over  topping 

of  Par-  :drs 

0.12^ 

1,9  20 

731.3 

0.0 

0 .0 

0 . 50 

1  '2  ,  3 1  3 

7. '<4 .8 

3 . 5 

a  .  7 

1 .0.l 

21,722 

737.2 

5 . 9 

5 . 4 

•V'-.  Flood 

2,24  2 

73' 

0.7 

1 .  4 

•'f  r  .  ’'1  cod 

2 , 007 

•’29. 8 

0.0 

0.0 

T’h'C  flo'v  safely  passin.g  the  spillvvays  just  prior  to  o',  or  topp  i  :?q  was. 
de'rormined  to  be  1,9  20  cfs,  which  ar.f?unts  to  apprrximatolv  12  per't-nt  of 
tne  p.'frhobl'C  ma.ximurr.  flood  inflow.  This  flow  ir.  greater  than  the  outflow 
for  the  D.l  percent  ch.ance  (10-ycar  fre^quency'  flood.  Durin')  peak  flow 
of  th'c  proroMe  maximum  flood,  the  greate.st  depth  of  fl-aw  over  the  dam 
wo’.jld  .be  5.9  feet  and  the  overflow  will  extend  calong  th.’  entire  length  of 
the  dam  crest. 

*To  nearest  one-hundredth 
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ini' low  hV'.i  r  on  r  :ip;i  i;so.i  in  thf*  ov-m' coi  p  i  r<ii  ani'yr.on  i  nc  th*- 

outflow  from  ta«'  upstroam  mi’-?  tailin':;',  poni''  (10707,  3i'7n4,  30730  and 

30732)  '  intiicated  in  thu  Phano  1  clam  safety  innuf-cuion  rnrorts  of  those 

dams  prepared  by  International  En'-iinc-eci  nq  Company,  Inn.,  ConF’.iltang 
Erqineci:?,  Sun  francisco,  California.  In  tneso  analyses  and  tnn  analysis 
for  the  Powder  Spring  Lake  Da.m  it  was  assumed  that  none  of  the  upstream 
da.ms  had  failed,  although  the  analyses  indicated  that  the  riai-is  would  be 
overtopped  when  the  PMF  occurs. 

e.  Evaluation .  Experience  irdicate,-.  that  th®  residuum,  a  ar.3'„-el.'y 
red  clay,  can  under  certain  comlitions,  -such  as  hie':,  velccity  flow,  be 
very  ercxiible.  Evidence  of  such  erof.io.n  was  obsor.'ed  at  the  pr’-ncipal 
spillway.  Such  a  condition  exists  during  the  P.MF,  when  lame  lake 
outflow  with  corresfKindi ng  high  velociti''’S  occur  both  at  the  spillways 
and  over  the  top  of  the  dan.  Since  the  depth,  o’’  f  l.ow  oV'Crtcpping  fh-- 
dam,  (5.9  feet  maximum)  and  the  duration  of  flow  r>V',vr  the  ilam  (3.4 
hours'',  are  sub.- tantial,  serious  damage  'ey  er-.osion  due  to  overtopping  (if 
tl'.o  d.am  is  likely.  Thv;  extent  of  these  dam.’oes  is  not  ore  d  ictabl.-. , 
however,  there  i.s  the  possibility  that  they  could  result  in  failure  o' 
the  d  am . 

'.  Re  f  erence.e .  Prored:.ires  .and  .’..ita  for  .l^termi  nine  c'ae  perhablc 
m.aximum  fUavjd,  the  lOO-year  frequency  fl.'-.,':,  -lie  'O-ye-ar  r-.'.ir.ency  flood 
and  the  dinchara-  rating  curve  for  flow  over  the  spillway  and  dam  crest 
are  presented  on  Pages  B-1  and  B-2  of  the  ^ppendix.  .3  listing  of  tin’ 
:;EC-1  (Da.m  S'l'ety  Ver.sion)  input  d.ita  is  ’hov.-n  .'n  "mo.:  P-3  taru  B-'i4  ■' f 
the  .^ppo^dix.  ?.  corry  of  the  c-amputer  output  taole  entitled  "S.nmarv  o( 
Da:n  Safety  An.a  1 i  s "  is  nre.sentcd  on  P.aue  D-1'-  >and  tn-'  inflow  .ana  o.itflow 
hydroqraphs  for  tl  pro'oable  maximum  flocxl  flh.aw;i  on  Paue  D-l'-  e.'"  t'.i'’ 
Appendix.  vrc’a-st.ar.ige  volume  curves  for  the  reservoir  are  s'l'-awn  c:. 

Plate  5  and  a  spillway  ratine  curve  is  presented  on  Plate  (1. 
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L'i^TTON  f' 


STKUCTl'PAL  t  L  1  TY 


o.l  FVAI.UATIOM  OF  STRUCTURAL  STABtUIT'Y 

a.  Visual  Observatior.s .  Visual  observations  which  adversely  affect 
the  structural  stability  of  the  dam  are  .liscussed  in  Section  3,  paragraph 
3.1c. 

b.  Design  and  Construction  Data.  No  design  or  construction  data 
relatinq  to  the  structural  stability  of  the  dam  are  known  to  exist. 

c.  Operating  Records.  With  the  exception  of  the  valves  on  the  two 
6-inc!''.  diameter  lake  drawdown  pipes,  no  appurtenant  structures  or 
facilities  requiring  operation  exist  at  this  dam.  According  to  the 
Owner,  no  records  are  kept  of  lake  level,  spillway  discharge,  dam 
"ettleraent,  or  seepage. 

d.  '^ost  Construction  Changes.  According  to  the  Owner,  there  have 
been  no  post  construction  changes  which  would  affect  the  structural 
stability  of  the  dam. 

e.  Seismic  Stability.  The  dam  i  .s  located  within  a  llonc  T1  seismic 
probability  area  and  an  earthquake  of  the  magnitude  predictcvi  for  this 
area  is  not  expected  to  produce  a  hazardous  cond.ition  to  the  cam, 
provided  that  static  stability  conditions  ar^'’  satisfactory  and 
con'.’entional  safety  margins  exist. 
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SF.CTtON  7 


-  'KF".r'!' I  Af. 


7 . 1  DAM  A33KSSMD^’T 

a.  Sa  f  ety  .  Several  itefn;;  were  noticed  ouring  tnc*  vi:5ual  inr;  ior. 
that  adversely  alfect  the  saiet\’  of  the  dan.  Ir,cl.:ded  i'l  thc‘f.e  item7  a:*' 
the  trees  ar;-.;  hrasi;  which  exist  on  :xat  h  the-  upstream,  arc-i  downstream  fac's 
of  the  darr.  In  aidition,  the  left  bank  of  the  priricipial  ''pLllway  channel 
at  the  section  adjacont  to  the  dam  was  f'-verl'/  steep  and  badly  erocel;  th-? 
upstream  face  of  th-j  dam  had  only  a  curf  cover  to  present  erosion;  aiii,  a 
h.ole ,  believed  to  b-3  an  animal  burrov;,  was  observ-.'d  in  t;'.e  ur-strean  face 
of  the  dam. 

A  hydraulic  analysis  indicated  that  the  principal  and  emer-p.-ncy 
spillways  are  capable  of  passing  late  outrlov.-  of  .-ibcnit  1,020  cfs  w  i  t'r.c^n  t 
the  level  of  the  lake  exceeding  the  l-jv;  point  of  the  iam  A 

hydrologic  analysis  of  the  lake  watershed  area,  as  discussed  i:-.  Section 
5,  indicated  that  for  sterm  runoff  of  pro'oab’s-  maxicium  tlocd  -nagni  tud-.- 
the  lake  outflow  would  oe  on  the  order  of  21  ,772  c'^s.,  t.h-'  late  oatfVcw 
“^or  the  lOO-v-aar  frequency  flood  would  be  cdxr-ut  2,242  cfs,  and  th:-  la’;'- 
outflow  for  the  10-vear  frequency  flood  would  be  approximately  1,2''" 

Seepage  and  stabilitv  analyses  of  the  dam  were  not  available  for 
review  and  therefore  no  judgm.ent  could  b-7  tra.:'  w'th  respect  to  thL- 
structural  stability  of  the  dam. 

b.  Adequacy  of  Information.  Due  to  tiie  lack  of  d-acign  ...nd 

construction  data,  the  assessments  reported  hor--'in  were  based  o-i  'extern 
conditions  as  determined  during  the  visual  innpeccion.  The  .--nr:' nt  o:' 

the  hydrology  of  the  watershed  and  capacitie.n  of  the  spil'ways  w.rre  based 
on  a  hydrologic/hydraulic  study  as  indicated  in  .Section  5.  Seepage  and 
stability  analyses  comparable  to  the  requirements  of  the  "Recammonded 
Guidelines  for  Safety  Inspection  of  Dams"  were  net  availabli^,  which  i 
considered  a  deficiency. 
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c.  Urgency .  Thr  items  concern  i  no  the  safety  of  the  dam.  noted  in 
paragraph  7.1a  and  the  remedial  measures  recommen  ’  id  in  paragraph  7.2 
should  be  accomplished  within  a  reasonable  time. 

d.  Necessity  for  Phase  II.  Based  on  the  results  of  the  Phase  I 
inspection,  a  Phase  II  investigation  is  not  recommended. 

e.  Seismic  Stability.  The  dam  is  located  within  a  Zone  II  seismic 
probability  area  and  an  earthquake  of  the  m.agnitude  predicted  for  this 
area  is  not  expected  to  produce  a  hazardous  condition  to  tne  dam, 
provided  that  static  stability  conditions  are  satisfactory  and 
conventional  safety  margins  exist. 


7.2  REMEDIAL  MEASURES 

a.  Recommendations .  The  follov;ings  actians  are  recommended: 

(1)  Based  upon  the  criteria  set  forth  in  the  recommended 
guidelines,  alterations  to  the  design  of  the  dam  sh.ould  be  made  in  order 
to  pass  lake  outflow  resulting  from  a  storm  of  probable  maximum  flood 
magnitude , 

(2)  Obtain  the  necessary  soil  data  and  perform  dam.  seepag'"'  and 
stability  analyses  (comparable  to  the  requirements  of  the  guidelines!  in 
order  to  determine  the  structural  stability  of  the  dam  for  all 
operational  conditions.  Seepage  and  stability  analyses  should  be 
performed  by  a  qualified  professional  enqineer  experienced  in.  the  design 
and  construction  of  earthen  dams. 

b.  Operations  and  Maintenance  (0  &  Ml  Procedures.  The  following  O  •> 
M  procedures  are  recommended: 

(1)  Remove  the  trees  and  brush  from  the  upstream  and  downstream 
faces  of  the  dam.  Fill  the  animal  burrow  that  exists  in  the  upstream 
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face  of  the  dam.  Tree  roots  aod  animal  burrows  pr.'Vide  passageways  for 
seepage  that  can  leal  to  a  piping  condition  and  possible  failure  of  the 
dam.  The  turf  cover  should  be  restored  if  destroyed  or  rr.issing. 

Maintain  the  turf  cover  on  the  embankment  at  a  height  that  will  not 
hinder  inspection  of  the  dam  or  harbor  burrowing  animals.  The  removal  of 
trees  should  be  performed  under  the  .iirection  and  guidance  of  an  engineer 
experienced  in  the  design  and  construction  of  earthen  dams,  since 
indiscriminate  clearing  can  jeopardize  the  safety  of  the  dam. 

(2)  Remove  the  trees  and  brush  from  the  principal  spillway 
channel  in  order  to  allow  flow  to  reach  the  downstream  channel 
unrestricted.  Obstructions  within  the  spillway  will  restrict  flow  and 
reduce  the  carrying  capacity  of  the  outlet  channel  which  could  result  in 
flooding  of  the  embankment  adjacent  to  the  spillway  and/or  overtopping  of 
the  dam. 


(3)  Restore  the  eroded  left  bank  of  the  principal  spillway 
channel  in  the  area  adjacent  to  the  dam  and  provide  some  form  of 
protection  that  will  prevent  future  erosion  of  the  bank  by  spillway 
releases.  Continued  erosion  of  the  bank  could  be  detrimental  to  the 
structural  stability  of  the  embankment. 

(4)  Drain  the  pool  that  abuts  the  downstream  toe  of  the  dam  and 
provide  some  means  of  preventing  future  ponding  of  water  in  the  area 
below  the  da:.i.  The  presence  of  the  pool  at  the  base  of  the  dam  is  a 
condition  considered  to  be  unfavorable  to  the  structural  stability  of  the 
dam  since  saturation  of  the  soil  weakens  the  strength  of  the  foundation. 
It  also  prevents  control  of  dam  underseepage  if  such  a  condition  exists. 

(5)  Provide  some  form  of  protection  (other  than  grass)  for  the 
upstream  face  of  the  dam  at  and  above  the  normal  waterline  in  order  to 
prevent  erosion  by  wave  action.  A  grass  covered  slope  is  not  considered 
adequate  protection  to  prevent  erosion  of  the  embankment  by  wave  action 
or  by  fluctuations  of  the  lake  surface  level. 
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(6'  Repair  the  broken  i'.anrlle  for  the  control  valve  on  the  south 
drawdown  pipe  and  uncover  the  outlet  for  the  north  drawdown  f  ipe  in  order 
that  these  facilities  may  function  as  intended. 

(7)  Provide  maintenance  of  all  areas  of  the  dam  and  spillway  on 
a  reqularly  scheduled  basis  in  order  to  insure  features  of  being  in 
satisfactory  condition. 

(3)  A  detailed  inspection  of  the  dam  should  be  instituted  on  a 
regular  basis  by  an  engineer  experienced  in  the  design  and  construction 
of  dams.  It  is  also  recommended,  for  future  reference,  that  records  be 
kept  of  all  inspections  made  and  remedial  measures  taken. 
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note;  location  of  photo  no.  6  (NOT  SHOWN) 
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SPILLWAY  / 


LOPE 


ERAL  PLAN  OF  DAM 

scale:  |"=50' 


POOL 


>r,^2-6"  0  STEEL  PIPES 

FOR  LAKE  DRAWDOWN 

S — gate  valves 


FILE  DAM  CENTERLINE 

I  SCALES;  r'=lO’v.,r’=  50’h. 


POWDER  SPRING  LAKE 
DAM  PLAN  a  PROFILE 


Horner  S  Shifrin.Inc. 


Nov.  1979 


ELEV.  (FT.  MSL)  ELEV.  (FT.  MSL) 


WATER  SURFACE 
EL  727.0 

(7-17-79).  hv:2.I  H 


LOAM 


TOP  OF  DAM 
EL  732.4 


0  80  120 


STA.  3-«-00 
:V'=2o'h. 


f  / 1 


PLATE  4 


ELEV.  IM.S.L.) 


;t;:u 


NfiO  piiTtw^ 


I  i. 


. . --^j-4-4- 


■r . - 


4500  /) 

GE  (cfs)  ^  ^ 


I  ...  -f 


6000 


POWDER  SPRING  LAKE 
DISCHARGE  RATING  CURVES 
COMBINED  SPILLWAYS 
Horner  ft  Shifrin,  Inc.  Nov.  1979 

7500  plate  5 


ELEV.  (M.S.L.) 


I  / 


NO.  5:  ERODED  BANK  OF  SPILEWAY  CHANNEL 


NO.  h:  POOL  AT  DOWNSTREAM  TOE  OF  DAM* 

*Note  location  of  drawdown  pipes  at  right  center  of  picture. 
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APPENDIX  B 

HYDROEOGfC  AND  tlYPRAULiC  ANALYSES 


HYDROLOGIC  AN’D  HYDRAULIC  COMPUTATXOMG 


1.  The  HEC-1  Dam  Safety  Version  (.Tjly  1973,  V.odified  2S  February 
1979  )  program  was  used  to  develop  inflow  and  outflo'.;  hydroaraphr  and  dam 
overtopping  analyses,  with  hydrologit'  inputs  as  follows: 

a.  Prot'able  maximum  precipitation  (200  sq.  mile,  24-hour  value 
equals  25.7  inches)  from  Hydrometeorological  Report  No.  13.  The 
precipitation  data  used  in  the  analysis  of  the  1  percent  (ICO-year 
frequency)  flood  and  the  0.1  percent  (10-year  frequency  flood)  was 
provided  by  the  St.  Louis  District,  Corps  of  Engineers. 

b.  Drainage  area  =  4.31  square  miles  =  2,759  acres 

c.  SCS  parameters  (see  paragraph  4  for  data) 

Lag  time  =  0.60  (Tc) 

0  3 

Time  of  Concentration  (Tc)  =  (U-  •  9l-~  3 

H 

Where:  Tc  =  Travel  time  of  water  from  hydraulically  most 

distant  point  to  point  of  interest,  hour.'. 

L  =  Length  of  longest  watercourse,  miles. 

H  =  Elevation  difference,  feet. 

2.  The  principal  spillway  consists  of  a  broad-crested,  trapesi'id si 
section  and  the  emeroisncy  spillway  consists  of  a  broad-crested, 
dish-shaped  section,  for  which  conventional  weir  formula''  are  n  st 

appl icable . 

Spillway  release  rates  for  these  sections  were  determined  as 

f  o  1  lews  : 

a.  Spillway  crest  section  properties  (.area,  "a"  and  top  width, 
"t")  were  computed  for  various  depths,  "d." 

b.  It  was  assumed  that  flow  leaving  the  spillway  control 
section  would  occur  at  critical  depth.  Flow  at  critical 


D-l 


d.ioth  wriLi  ’oif.piitO'i  n  =  '"ar  tno  varioi; 

t 

depths,  "d."  Cnrrespt'n.li  :m  ve  .oc  it  (v)  jnd  ve  ^oc  l  :y 
heads  (H  )  v;ere  determi nod  usino  (:i.)n'''.'ntiona'!  forinul  is. 

VC 

Static  lake  loveis  cor i'espondi ny  ta  the  variour-  value.': 
pastinq  the  .spillway  were  co-ftpuced  as  critical  depths  pl'jj 
critical  velocitv  heads  (d  +  h;  ),  .and  tl'ie 

C  VC 

telationship  between  InKe  level  and  .spillway  disch.'irqt  wa.? 
thus  obtained.  Thi.s  procedure  nerlects  the  mio-or 
i n.s iqn i f ican.t  friction  losse.s  actso.ss  the  lenct.n  jf  the 
spi llway . 


d.  The  di.ocharqes  for  the  nrihcipai  ai'.d  emeryency  spillw.ays 

for  equal  elevations  were  sunmated  for  entry  on  the  Y-!  .and 
cards. 


3.  The  profile  of  the  da.T.  crest  ’  s  irreyular  an-'^  flow  over  the  d.a:: 
crest  cannot  be  determined  by  c.onve.nt  ional  veir  formulas.  C.''oet  lencth 
and  elevation  data  for  the  da.ri  crest  proper  were  entered  the  HKC-1 
Program  on  the  SL  and  $V  cards,  ''"ho  proyam  oorputes  intef'.aily  the  '  ov 
O'.’er  the  dam  crest  .and  add.s  this  flow  to  tiie  fl.ow  cv-'^r  th-'>  principal  -=!ni 
emergency  spillway  as  entered  on  the  Y4  .and  Yo  cards. 


Hydrologic  data  for  the  upstream  dams  and  sub.are: 


Dani  or 

Area 

Tc 

'AMC  riT‘ 

1  .V 

Sunaroa 

So.  Miles 

Ho'j  r  .s 

CM 

CM 

307S2 

I.G78 

1.15 

m  L 

5  2 

30750 

0.556 

1.22 

75 

30704 

0.1 

0.1 

100 

1 0  0 

30  707 

0.1 

0.1 

100 

’  '00 

Subarea  1 

1.11 

0.484 

77 

5n 

Subarea  2 

1.27 

0.562 

77 

59 

Data  for 

Dams  30752, 

30750,  30704  and 

30707  were 

obtained  fri : 

T  Dam  Safety  Inspection  Reports  by  Internationa  1  Engineering  Co.,  Inc. 

For  elevation-area  relationships,  see  computer  program  input  data. 
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